A chemically defined medium, LD82, was formulated for in vitro cultivation of spiroplasmas. Medium LD82 supported good growth for four epiphytic and insectpathogenic spiroplasmas, Spiroplasma floricola 23-6T, Spiroplasma sp. strain SR3, Spiroplasma sp. strain brevi, and Spiroplasma sp. strain AS576, and of the phytopathogenic spiroplasmas Spiroplasma citri Maroc R8A2T and PC1. Titers of all six strains grown in defined medium LD82 reached 2.0 x 109 to 6.0 x 109 CFU/ml of culture. All spiroplasma strains tested formed colonies readily on agar medium LD82. None of the spiroplasmas formed typical fried-egg colonies. All formed diffuse colonies, but the forms of colonies differed somewhat among the spiroplasma strains. In preliminary studies of nutritional requirements, phospholipids slightly enhanced the growth of the epiphytic and insect-pathogenic strains in medium LD82 and were found essential for good growth of S. citri.
Spiroplasmas are fastidious procaryotes which, like mycoplasmas, can be cultivated only in rather complex and enriched media. Previously, these media contained several chemically undefined components, such as peptone, tryptone, beef heart infusion, yeast extract, and animal sera (4) . Studies of the nutritional requirements and metabolic capabilities of spiroplasmas have been impeded by the lack of chemically defined media. Recently, a chemically defined medium for the cultivation of some epiphytic spiroplasmas has been reported (1) . This medium has been used in nutritional and metabolic studies of these spiroplasmas (2) , but it does not support the growth of the phytopathogenic species Spiroplasma citri (C.-J. Chang, personal communication). The present contribution describes a chemically defined medium which supports good growth of epiphytic and insect-pathogenic spiroplasmas as well as the phytopathogenic spiroplasma S. citri.
MATERIALS AND METHODS
Spiroplasma strains used. Spiroplasma strains tested belong to distinct serogroups or subgroups (5, 6, Influence of phosphoUpids in defined medium LD82 on the growth of spiroplasmas. Medium LD82 with phospholipids deleted was used as the basal medium, and different phospholipids (phosphatidic acid, phosphatidylcholine, and lysophosphatidylcholine at 0.49, 0.70, and 0.84 mg/100 ml of basal medium, respectively, or total lipids [5.0 mg/100 ml] extracted from Miles BSA) were added aseptically. Growth of spiroplasmas was estimated by absorbance at 660 nm by using a Beckman DB-G spectrophotometer.
RESULTS AND DISCUSSION
The chemically defined medium LD82 supported good growth of the four strains of epiphytic and insect-pathogenic spiroplasmas and the two strains of the phytopathogenic spiroplasma S. citri but failed to support growth of corn stunt spiroplasma I747. In LD82 broth, cell titers of the six cultured strains, ranging from 2.0 x 109 to 6.0 x 109 CFU/ml at the stationary phase of growth (Table 2) , were comparable to those attained in the undefined medium LD8A, although the growth rates in LD82 were somewhat slower than those observed in LD8A (unpublished observations). Although six different spiroplasma strains grew in LD82, optimal concentrations of NaCl for growth in the medium may differ among the strains. For example, honeybee spiroplasma strain AS576 grew better with a higher concentration of NaCl in the medium (see Table 1 ) than the other spiroplasma strains did (data not shown). Similarly, Chang and Chen (1) observed that an elevated concentration of NaCl promoted growth of strain AS576 in their defined medium.
All spiroplasma strains that grew in LD82 broth formed visible colonies within 5 to 9 days of incubation on LD82 agar medium. However, the morphology of colonies differed somewhat among the spiroplasma strains (Fig. 1) . None of the spiroplasmas formed fried-egg colonies. All formed diffuse colonies, but those formed by S. floricola 23-6T were more diffuse than those formed by the other strains.
Growth of the phytopathogen S. citri (strains Maroc R8A2 and PC1) was poor or absent in the medium supplemented with only phosphatidic acid and was markedly enhanced (20-to 33-fold) by inclusion in the medium of three supplemental phospholipids: phosphatidic acid, phosphatidylcholine, and lysophosphatidylcholine (Table  3 ). In contrast, there was significant growth of honeybee Spiroplasma sp. strain AS576, S. floricola 23-6, and flower Spiroplasma sp. strains SR3 and brevi in the medium supplemented with only phosphatidic acid. Growth of these last spiroplasmas was enhanced to a lesser extent (from less than twofold to about fivefold) when all three phospholipids were included in the medium. Inclusion of phosphatidic acid and a sample of total lipids extracted from Miles BSA in the otherwise phospholipid-deleted medium LD82 markedly enhanced the growth of all six spiroplasmas tested (Table 3) .
Among the many components important for growth of spiroplasmas, lipids are some of the most significant. Like members of the genus Mycoplasma, the spiroplasmas so far examined are incapable of the biosynthesis of cholesterol and long-chain fatty acids (7, 9 
